Aim: To study how immunity to Streptococcus pneumoniae normally develops in healthy children. Methods: Ninety two healthy children at 3 -5, 7 -9 and 13 -15 years of age were recruited. No one of the children had previously been given pneumococcal vaccine. Serum was analysed for pooled antigens of the 23 most common pneumococcal polysaccharides with ELISA technique, and results are given in opitical density (OD). A three-level semi-quantitative system was used to assess degree of immunity to Streptococcus pneumoniae. Cut-off levels were OD ≤ 0.7 and OD ≥ 1.3, separating low, intermediate and high degree of immunity. Results: Median values for OD differed significantly between the groups, with OD 0.91, 1.18 and 1.10 respectively (p = 0.004). Levels were lower in the youngest age group, but from age 7 -9 years, levels were similar trough out childhood. Twenty six percent of the children in the youngest age-group had a low degree of protection (OD ≤ 0.7) to Streptococcus pneumoniae. Such low levels were uncommon from 7 -9 years of age, found in only 13% of the children. Conclusion: Protective antibodies to Streptococcus pneumoniae develops mainly during the preschool period. Thereafter, levels are stable throughout childhood up to the age of 15 years.
INTRODUCTION
Infections are common in children, especially in the younger age groups. With increasing age, however, infections become less frequent. This decline in infectious burden is well illuminated by the number of antibiotic prescriptions per year in children (Figure 1) . In Sweden, phenoxymethylpenicillin (PcV) is prescribed three times as often in 3 -5 year olds as compared to teenagers, and amoxicillin eight times as often. Infections due to Streptococcus pneumoniae are common in both children and adults, and pneumococci are the cause in about one third of all community acquired pneumonias in children [1] . Pneumococci is also commonly found in otitis media in children [2] , and high mortality rates are associated with infectious meningitis caused by pneumococci [3] .
Recurrent infections are common in younger childhood, but it is not always easy to know in a particular child if the frequency and severity of infections should be considered as abnormal, or if it is within the "normal" variation. The susceptibility to become infected shows a great inter-individual variation, and not seldom are recurrent infections a result of increased exposure to infectious agents at day care etc during a time period when the immune system is immature [4] . In recurrent systemic pneumococcal infections, however, an underlying disease is often the cause [5] . These underlying diseases are not necessarily related to immune deficiency, other common chronic diseases and conditions in children may also increase the risk for infections with bacteria as Streptococcus pneumoniae [6] . But an increased susceptibility to infections, and infectious-related lung damages, could also be due to a disability to produce antibodies to pneumococci and other capsulated bacteria [7] .
In the evaluation of children with recurrent infections, bronchiectasis, chronic wet cough and purulent bronchitis, the laboratory work often includes the measurement of antibodies to Streptococcus pneumoniae, and the response to pneumococcal vaccine. But the interpretations of these antibody tests are often difficult, since there are limited reference values for the normal development of immunity to pneumococci in children. It has been studied up to the age of 2 years [8] , but the time course for the normal development of protective antibodies to Streptococcus pneumoniae throughout childhood is less well studied. The aim of the present study was to analyse the pattern and normal development of antibodies to Streptococcus pneumoniae in child en at different ages. 
METHOD
Ninety-two healthy children were included in the study. They were divided into three groups; 3 -5 (n = 31), 7 -9 (n = 31) and 13 -15 (n = 30) years of age with an equal gender distribution. Recruited children were all to have minor surgery, and blood samples for antibody analysis were collected at time for surgery. Before entering the study, parents and patients were interviewed regarding concomitant diseases. Children were excluded if they were born preterm, if they had any chronic disease, if they had any disease or condition that have required frequent hospital visits, if they had a history of allergic symptoms, if they were prone to infections (e.g. A semi-quantitative system, based on an adult reference population, was used to score the degree of immunity to Streptococcus pneumoniae. Levels are: "low titer" (OD ≤ 0.7) with low or no immunity to Streptococcus pneumoniae. "Medium titers" (0.7 < OD < 1.3) with limited immunity, and "high titer (OD ≥ 1.3) with probable immunity to pneumococci infections.
Kruskal-Wallis test was used to test for differences between groups.
The study was approved by The Ethics Committee at The Sahlgrenska Academy, University of Gothenburg, Sweden. A Consent Form was signed by the parents/ guardians, and by the children/teenagers if they were old enough.
RESULTS
Median values for optical density for each age group are shown in Figure 2 . A significant difference was seen between the age groups, with lower levels in the youngest children.
From age 7-years, however, levels were similar throughout childhood.
Based on the semi-quantitative system for interpreting degree of immunity, only 6% in the youngest age-group had acquired a high degree of protection against Streptococcus pneumoniae. 68% had intermediate and 26% low degree of immunity (Figure 3) . The corresponding figures for 7 -9 and 13 -15 year olds were (26%, 61% and 13%) and (23%, 63% and 13%) respectively.
DISCUSSION
The aim of the study was to investigate to what degree healthy children have developed protective antibodies to a pooled sample of the 23 most common Streptococcus pneumoniae polysaccharide antigens, and how this immunity develops over time. We found that children between 3 -5 years of age have low levels, i.e. a lesser degree of acquired immunity to pneumococci than older children. From 7 years of age, the degree of immunity is stable throughout childhood and adolescence up to age 15 years. The lesser degree of immunity in younger children is probably a consequence of exposure and maturation; it takes a few years before the child has been exposed to different pneumococci infections, severe enough to stimulate an immune response, and the immune system has to be mature enough to respond to these types of capsulated bacteria. Infants and young children, with an immature immune system, have difficulties in recognizing polysaccharide antigens from capsulated bacteria [9] .
he most remarkable finding from the study was, how-T ever, that the plateau in antibody levels was reached already at 7 -9 years of age. This finding does not necessarily mean that immunity to pneumococci isn't broadened to include more serotypes with increasing age, but it indicate that more than 80% of healthy children from 7 years of age have some level of immune response to Streptococcus pneumoniae.
The intension with the study was to study normal development of acquired immunity to pneumococci over time in children with a method often used in the immunological framework of analyses when examining children prone to recurrent or severe infections. This ability to develop antibodies to pneumococci, either after infections or after vaccinations, is probably measured with different methods and techniques at different laboratories. We chose a method covering the same 23 polysaccharide antigens as in the 23-valent unconjugated pneumococcal vaccine, since these serotypes reflect the most common pneumococci affecting children. They are also the set of combined serotypes often measured when evaluating response to pneumococcal vaccination. Even though this method is a standard procedure at several hospital laboratories, the interpretation of the test is often difficult when it comes to children since "reference values" are lacking. The present data could therefore give valuable information for the clinician in interpreting such test results; a low titer to pneumococci is not uncommon in unvaccinated pre-school children. From age 7, however, a low antibody titer to pneumococci is uncommon, present in only 13 percent of the children. Even though not specifically investigated in this study, one may presume that the general findings from the study could be extrapolated to include also other methods used to measure antibodies to pneumococci; i.e. a low antibody titer is not uncommon in preschool children, but is seldom seen from age 7 years. The semi-quantitative method with arbitrary cut-off levels, used to assess immunity to pneumococcal infections in adults, may be used as a rough instrument to estimate immunity also in children. One may assume that a high level (OD ≥ 1.3) would stand for immunity in children as well as in adults. The majority of children had intermediate (0.7 < OD < 1.3) levels, and these levels probably reflect a normal immune response in relation to "normal exposure". The question is, however, more complex when it comes to low levels (OD ≤ 0.7). The children in the study were not prone to infections, and none had received pneumococcal vaccine. One may therefore assume that these low levels are due to low exposure rates in these particular children, and not immune deficiency or disability to produce antibodies to capsulated bacteria such as Streptococcus pneumoniae. In children with recurrent or severe infections, however, a low antibody level (OD ≤ 0.7) to pneumococci should lead to further immunological evaluations, evaluations that often include measurement of response to pneumococcal vaccination [10] . Even though not tested in the present study, one may assume that children from age 7 years should respond to vaccination with the 23-valent unconjugated pneumococcal vaccine with at least a post-vaccination optical density titer of >0.7, since almost all healthy children reach this level on normal exposure. This suggestion is further supported from vaccination studies, since most children from 5 years of age reach protective antibody levels after immunization with the 23-valent unconjugated pneumococcal vaccine [11] , and a clinical protection from vaccination with the unconjugated vaccine is seen already from 2 years of age [12] .
In conclusion, the present study reflects how immunity to Streptococcus pneumoniae develops over time in children. The data may help clinicians in interpreting immune test results from children prone to infections.
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